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Description 

This application relates to an endovascular grafting 
system according to Qaim 1 and a vascular graft accord- 
ing to Claim 10. s 

The state of the art is described in the background 
of the invention in US, Patent No. 4.787,899. In addition 
WO 89/08433. up<»i which the preambles of Qaims 1 
and 10 is based, discloses an intraluminal grafting sys- 
tem which includes a hollow graft and which has a prox- io 
imal and distal staple. The system includes a capsule for 
transporting the graft through the lumen and for position- 
ing the graft upstream in a lumen which may be a blood 
vessel or artery. A tube is connected to the capsule and 
extends to the exterior of the vessel for manipulation by is 
the user. A catheter is positioned within the tube and is 
provided with an Inflatable membrane which is in com- 
munication via a channel with inflation and deflation 
means. With the inflatable membrane deflated, the cap- 
sule is positioned In the lumen and manipulated to a 20 
desired location. Upon inflation, the force exerted by the 
inflatable membrane and the structure of the staples 
urges the staples into the vessel, retaining the graft in 
position 

In general, it is an object of the present invention to 25 
provide an endovascular grafting apparatus, system and 
method and devices for use therewith which overcome 
the disadvantages of the prior art appartus. systems and 

devices. 

According to a first aspect of the present invention 30 
there is provided an endovascular grafting system 
including a capsule catheter comprising a flexible elon- 
gate tubular member having proximal and distal extrem- 
ities and a capsule mounted on the distal extremity of the 
tubular member: a graft disposed within the capsule, the 35 
graft conprising a tubular member having proximal and 
distal ends, hooMilce attachment means secured to the 
proximal and distal ends of the tubular member and fac- 
ing in a direction outwardly towards the inner wail of the 
capsule; and push rod means disposed within the cap- 40 
sule catheter and engaging the graft whereby upon rel- 
ative movement k>etween the push rod means and the 
capsule catheter, tiie graft can be forced out of the cap- 
sule, characterised in that the capsule is generally cylin- 
drical in shape and is formed of a helical wrap of a metal 45 
ribbon and means bonding said wrap into a unitary cap- 
sule while permitting bending of said unitary capsule. 

Advantageously embodiments of the invention pro- 
vide an apparatus and system of the above character 
which utilizes a pusher rod assembly which is con- so 
strained so that relatively great forces can be applied by 
the pusher rod assemtrfy. 

Advantageously embodiments of the invention pro- 
vide an apparatus and system of the above character in 
which tiie capsule is sufficiently flexible so tiiat rt can ss 
negotiate bends in the vessels of a patient. 

Advantageously embodiments of the invention pro- 
vide a grafting apparatus and system which utilizes a 
flexible capsule which can contain a graft with hook-lilce 



elements without any danger of tiie hook-like elements 
penetrating the capsule. 

Advantageously embodiments of the invention pro- 
vide an apparatus and system of the above character In 
which the graft automatically springs into an open or 
expanded position when it is released from the capsule. 

Advantageously embodiments of the invention pro- 
vide an apparatus, system and method of the above 
character in which a pushing force is applied to the distal 
extremity of the balloon for advandng a graft out of the 
capsule. 

Advantageously embodiments of tiie invention pro- 
vide an apparatus and system of the above character in 
which a fixed wire or an over-the-wire guide wire system 
can t»e used. 

Advantageously embodiments of the invention pro- 
vide an apparatus and system of ttie above character in 
which the graft can be compressd to a very small size in 
a flexible capsule. 

According to a second aspect of the present inven- 
tion there is provided an expandable intraluminal vacs- 
cular graft for implanting in a body vessel comprising a 
deformaWe tubular member having proximal and distal 
ends and a wall extending between ttie proximal and dis- 
tal ends, tiie wall being formed of af lexible material capa- 
ble of receiving tissue ingrowtti, said tubular member 
being capable of assuming a first position of reduced size 
for insertion into tiie body vessel and a second expanded 
position: expandable yieldable spring means secured to 
tiie proximal and distal ends of tiie tubular member, said 
yieldable spring means being in the tiie form of substan- 
tially vee-shaped spring portions having apices and legs 
extending from ttie apices for urging said tubular member 
from said first position of reduced size to a secorKi 
expanded position; and attachment means secured to 
tfie proximal and distal ends of ttie tubular member for 
attachment to tfie body vessel characterised in that said 
spring means is provided v^rith a helical torsion spring at 
each apex yieldably urging said legs in a direction to 
open the vee-shaped spring portions. 

Additional objects and features of ttie invention will 
appear In the following description in conjunction witti ttie 
accompanying drawings. 

Figure 1 is an isometric view of an endovascular 
grafting apparatus and system incorporating the present 
invention. 

Rgure 2 is a side elevational view partially in cross 
section of a capsule catiieter incorporating ttie present 
invention. 

Figure 3 is a side elevational view partially in cross 
section showing a balloon cattieter assembly incorporat- 
ing ttie present invention. 

Figure 4 is a partial side elevational view in cross 
section of a portion of an alternative balloon catheter 
assembly incorporating ttie present invention showing 
ttie use of a movable pusher button capable of sliding 
over a limited range. 

Rgure 5 is a side elevational view partially in cross 
section of another alternative embodiment of a balloon 
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catheter assembly incorporating the present invention 
showing the use of a nxjvable guide wire. 

Figure 6 is a aoss sectional view taken along the 
line 6-6 of Figure 5. 

Rgure 7 is a side elevational view partially in cross 
section of a pusher rod assembly incorporating the 
present Invention. 

Rgure 8 is a side elevational view partially in cross 
section of another embodiment of a pusher rod assembly 
incorporating the present invention. 

Figure 9 is a cross sectional view partially in cross 
section showing in combination a balloon catheter and 
a pusher rod assembly and a movable guide wire. 

Figure 10 Is a side elevational view of a graft incor- 
porating the present invention. 

Rgure 11 is an enlarged isometi-ic view showing one 
of the spring attachment means utilized on the graft. 

Rgure 12 Is a partial enlarged view of an alternative 
hook-like element utilized in the spring attachment 
means of Figure 11. 

Rgure 13 is an enlarged view showing another 
embodiment of a hook-like element used in the spring 
attachment means of Figure 1 1 . 

Rgure 14 is a side elevational view partially in cross 
section showing the manner in which the graft is held in 
the capside after ejection of tiie proximal extremity of the 
graft from the capsule. 

Figure 15 is a view similar to Figure 14 but showing 
the proximal and distal extremities of tfie graft outside of 
the capsule witii the balloon retracted so ttiat it is witiiin 
the graft and inflated to force tiie distal attachment 
means into the vessel wall. 

In general, the endovascular grafting system is com- 
prised of a capsule catheter having a flexible elongate 
tubular member with proximal and distal extremities and 
a capsule mounted on the distal exti-emity of tiie tubular 
member. The capsule is generally cylindrical In shape 
and is fomied of a helical wrap of a metal ribbon. Means 
is provided for bonding said wraps into a unitary capsule 
while permitting bending of said unitary capsule. A graft 
is disposed wittiin tiie capsule. The graft is comprised of 
a tubular member having proximal and distal ends. Hook- 
like attachment means is secured to the proximal and 
distal ends of ttie tutxjiar member and face in a direction 
outwardly towards the inner wall of the capsule. Push rod 
means is disposed wrttiin ttie capsule catheter and 
engages the graft whereby upon relative movement 
between the push rod means and the capsule catheter, 
the graft can be forced out of the capsule. 

More in particular, ttie endovascular grafting appa- 
ratus and system 1 1 and the devices for use therein are 
shown in Figures 1-10. This apparatus and system 11 
includes a capsule catiieter 12 (see Figure 2) which con- 
sists of a flexible elongate tubular member 1 6 formed of 
a suitable plastic material such as Nylon of a suitable 
length as. for example. 40 to 100 centimeters and pref- 
erably approximately 43 centimeters for the abdominal 
aortic artery and approximately 70 centimeters for ttie 
thoracic aortic artery. The tubular member 16 can have 



a suitable size such as an outside diameter of 4.75 x 
lO-^m (.187 inches) and an inside cfiameter of 3.1 75 x 
1 0'3m (. 1 25 inches). The tubular member 1 6 can be pro- 
duced in a certain color such as blue. In order to make 
it radiopaque under x-rays, the f lexWe tubular mervber 
1 6 is loaded with a suitable radiopaque material such as 
bismuth sutx:arbonate or barium sulfate. By way of 
example, the flexible elongate member 16 can be com- 
pounded witti approximately 20% of the radiopaque 
material by weight 

An inner liner 1 7 is provided which is mounted within 
tiie tubular member 1 6. The liner 17 is sized so tiiat it will 
fit within tiie tubular member 16. The liner is preferably 
formed of a lubridous material such as Tefzel (ethylene 
tetrafluoroettiylene) or Tefton FEP (ftourinated ethylene 
polypropylene), ft can have an inside diameter of 2. 16 x 
1 0~3m (.085 inches) and an outside diameter of 3. 1 75 x 
10 3m (.125 inches) and a lengtti as. for exanple. 41 
centimeters which is slightiy less ttian tiiat of tiie tubular 
member 1 6. If desired, the inskJe diameter of tiie liner 1 7 
can be in tiie range of 1 .905 x 1 0"3 - 3.048 x 1 0"3m (.075 
to . 1 20 inches). The liner 1 7 is provided witti a lumen 1 8 
which extends the lengtti thereof. The liner 17 reduces 
tiie inside diameter of tiie lumen 18 for a purpose here- 
inafter described. The liner 1 7 is made of a radiation sta- 
ble material so that the catiieter can be radiation 
sterilized. Tefzel. or Teflon FEP, which is a polymer is 
such a radiation sterilizatrfe material. The inner liner 17 
also senses to provide additional columnar strengtii to 
ttie catiieter 12. 

A wye adapter 21 is secured to ttie proximal exti-em- 
rty of the flexible tubular member 16. The side arm 22 of 
the adapter 21 has a stop cock 23 mounted tiierein which 
is movable between open and closed positions. The stop 
cock23isprovidedwittiaLuerfitting 24 which is adapted 
to be secured to a syringe wNch can be utilized for inject- 
ing a dye. or medications such as a vasodilator. The cen- 
tral arm 26 of ttie adapter 21 is connected to a Touhy 
Borst adapter 27 and includes a female part 28 ttiat car- 
ries an 0-ring 29 which is adapted to be engaged by a 
protrusion 31 forming a part of the male part 32. 

The capsule catheter 12 has a capsule 36 incorpo- 
rating the present invention mounted on the distal 
extremity of the flexible elongate tubular member 1 6. The 
capsule 36 when used in humans has a diameter ranging 
from 4 to 8 millimeters. The flexible elongate tubular 
member 16 which also senses as a shaft for advancing 
ttie capsule 36 as hereinafter described and should have 
a diameter which is less than ttiat of the capsule and 
ttierefore has an outskf e diameter ranging from 3 to 7 
millimeters. 

The capsule 36 is a composite structure and is 
formed of an inner layer 37 and an outer layer 38. The 
inner layer 37 is formed of a stainless steel ribbon 39 witti 
ttie rit)tx)n having a widtti of 3.81 x 10*3m {1,50 inches) 
and athickness ranging from 5.08X 10"5 - 1 .016x10"4m 
(.002 to .004 inches) and preferably approximately 7.62 
X 10~5m (.003 inches). The ribbon is spiral wound on a 
mandrel (not shown) so that each wrap of ttie ribbon 
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overlaps the preceding wrap by approximately 30 to 50% 
of the width of the ribbon. Viewing the capsule 36 from 
the left hand end, the ribtxxi is wrapped in a dockwise 
or counterclockwise direction so that the edges 41 face 
distalty or in the direction which is toward the right as 5 
showvn in Rgure 2 for a purpose hereinafter described. 
By winding the ribbon 39 at high tension, it is possible to 
deform it over the adjacent wrap which contritiutes to the 
flexibility of the capsule and also at the same time makes 
it possible to provide a capsule having a k)w profile. The u 
stainless steel for the ribbon 39 can be of any suitable 
type, however. It has been found that it Is desirable to 
select a stainless steel which can be heat treated. This 
enables one to wind the capsule with the ribbon in a duc- 
tile state and heat treat the capsule after winding to u 
obtain a spring-like temper. One such stainless steel is 
17-7 PH supplied by Brown Metals Company of Santa 
Fe Springs. California. 

In order to prevent elongation of the capsule 36 and 
also to prevent one wrap separating from another of the 20 
inner layer 37. a pluralfty of elongate flexible strands 43 
are provided which extend from one end to the other of 
the capsule. It has been found that the use of four strands 
has been sufficient with the strands being spaced apart 
circumferentially by 90^ The strands 43 can be formed 2s 
of a suitable material such as a Kevlar aramid fiber, 195 
denier. These four strands 43 are bonded to the proximal 
and distal extremities of the capsule by a suitable adhe- 
sive such as a cyanoacrylate ester at points 44, The 
outer layer 38 which overiies the strands 43 and the 30 
wrapped ribbon inner layer 37 is in the form of a jacket 
formed of a suitable material such as heat shrinkable pol- 
yethylene. This jacket can have a wall tiiickness ranging 
from 2.54 x IQ-s - 1.524 x 10~4m(.001 to .006 inches) 
and preferably a thickness of approximately 1.016 x 35 
10"4m {.004 inches). The polyethylene jacket which 
forms the outer layer 38 serves to contain the Kevlar 
strands 43 in dose proximity to the inner layers 37 and 
also serves to prevent elongation of the capsule 36 while 
permitting the capsule to bend during use as hereinafter 40 
desaibed. The outer layer or jacket 38 serves also to 
provide a smooth surface for the exterior of the capsule 
36 by enclosing the edges 41 of the wraps of ribbon 39. 
In addition, the proximal and distal extremities of the cap- 
sule 36 are bonded together by a solder in the regions 45 
AS as Incficated in Figure 2. The solder can be of a suit- 
able type, such as a tin silver solder comprised of 95% 
tin and 5% silver. When constructed in tiiis manner, the 
capsule 36 can have an inside diameter of 4.445 x lO^s 
- 7.62 X 1 0'"3m (. 1 75 inches to .300 inches) with a nom- so 
inal wall thickness of 3.048 x lO'Sm (.0012 inches). 

The capsule 36 is secured to the distal extremity of 
the flexible elongate tubular member 16 by a capsule 
adapter 51 of a suitable material such as a polycar- 
fcjonate. The capsule adapter 51 is secured in the proxi- 55 
mal extremity of the capsule 36 by suitable means, as a 
press fit or alternatively, in adcfition. by the use of a suit- 
able adhesive such as a cyanoacrylate ester. The other 
extremity of the capsule adapter 51 is also mounted in a 



suitable manner such as by a cyanoacrylate ester adhe- 
sive to tiie distal extremity of the flexible elongate tibular 
member 16. The capsule adapter 51 is provided with a 
hole 52 of a suitable diameter such as 1 /1 6th of an inch. 

The capsule 36 made in accordance witii the 
present invention has a number of desirable features. It 
is particulariy desirable because it is f lexiUe and can be 
bent through an angle of 70 to 120<* in a lengtii of 8-20 
centimeters. In order to prevent hangups on the Inside 
edges 41 of the ribbon, the inside edges are rounded 
and polished, preventing damage to capsule contents 
during ejection as hereinafter described. The Kevlar 
strands 43, which are also contained by the outer jacket 
or layer 38. serve to maintain the wrap, prevent stretching 
or efongation and prevent discontinuities from being 
formed in the capsule during use of the same. In addition, 
ttie Kevlar strands prevent the capsule from being flexed 
beyond a predetermined angle, as. for example, 120*. 

Thus, it can be seen that a capsule 36 has been pro- 
vided whfoh Is very flexible, yet is still very hard and has 
great strength which inhibits crushing or collapsing while 
being bent or flexed. In other words, it is kink resistant. 
It is also puncture proof due to the use of the metal ribbon 
39. The capsule 36 is semi-radiopaque and is radiation 
sterilizable. 

The endovascular grafting apparatus also indudes 
a l>alloon catheter assembly 61 which consists of a shaft 
in the form of a flexitrfe elongate element 62 formed of a 
suitable material such as irradiated polyethylene tubing 
extruded to a larger diameter of 4.064 x 10~3m (.160 
inches) outside diameter and 2.286 x 10~3m (.090 
inches) inside diameter and then reduced in size by heat- 
ing and elongating the same to provide an inside diam- 
eter of 5.08 X 10"4m (.020 inches) and an outside 
diameter of 1.27 x lO'Sm (.050 inches). However, tiie 
inside diameter can range from 3.81 x 10"^ - 6.35 x 
10"4m (.015 to .025 inches) and the outside diameter 
can range from 8.89 x 1 0"-* - 1 .651 x 10~3m (.035 to .065 
inches) for a single lumen balloon catheter assembly. 
The single balloon inflation lumen 63 extends the length 
of the catfieter. The catheter can have a suitable length 
as. for example. 50 to 130 centimeters. The lumen 63 
can also serve as an ir^edate lumen and a pusher wire 
lumen as hereinafter described. 

A separate balloon 64 formed of suitable material 
such as polyethylene is secured to the distal extremity of 
tiie flexible elongate member 62 in a manner hereinafter 
described. A pusher button 66 is provided which is 
formed of a suitable material such as 300 series stainless 
steel. The pusher button 66 can have a diameter ranging 
from 3.048 x 10"3 - 5.08 x 10"3m (.120 inches to .200 
inches) and preferably an outside diameter of approxi- 
mately 3.556 X 10"3m (.140 inches). Stainless steel is 
utilized to achieve radiopacity 

The pusher button 66 is mounted on a fixed position 
on the catheter shaft 62 and is spaced a predetermined 
distance from the proximal exti^emity of the balloon 64 
as, for exanrple. a distance of 2 to 3 centimeters. The 
pusher button 66 is retained in this position longitudinally 
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of the shaft 62 by annular bulbs 67 and 68 which are 
formed by localized heating in those areas of the shaft 

62 which causes it to expand radially in an attenpt to 
achieve its original size to trap the pusher button 66 in 
that position on the shaft 62. Thus, it can be seen that 5 
the pusher button 66 can be mechanically trapped in 
place without the use of an adhesive and without chang- 
ing the size of the lumen 63 which extends therethrough. 

An atternative embodiment in which the pusher but- 
ton 66 is movable between the proximal extremity of the 10 
balloon 64 and a single bulb 67 is shown in Figure 4. 

A small stainless steel tube 69 is disposed within the 
balloon 64 and has its proximal extremity seated within 
the distal extremity of the shaft or flexible elongate mem- 
ber 62. The tid)e 69 has a suitable inside diameter such is 
as 5.558 x 10~*m (.022 inches), an outside diameter of 
8.128 x 10"*4m {,032 inches) and a suitable length as. for 
example. 7.5 centimeters. As can be seen from Figure 
3. the tube 69 extends through the balloon 64 and termi- 
nates in the distal extremity of the balloon. The proximal 20 
extremity of the tube 69 is flared slightly so that K is firmly 
retained within the shaft 62 when the proximal extremity 
of the balloon is fused to the shaft 62 by the use of heat 
The tube 69 serves to provide stiffness to the balloon 64 
of the balloon catheter assembly 61 and is provided with 2s 
a lumen 71 extending therethrough through which a fluid 
such as a gas or liquid can be introduced from the lumen 

63 into the lumen 71 to inflate the balloon and to there- 
aftar deflate the balloon 64 by withdrawing the gas or liq- 
uid. The balloon 64 can vary in diameter from 12 to 35 so 
millimeters in diameter and can have a wall thictaiess 
ranging from 2,54 x 10"5 - 1.27 x 10"4m (.001 and .005 
inches). The polyethylene utilized for the balloon is irra- 
diated to achieve an appropriate balloon size. One bal- 
loon made in accordance with the present invention had 35 
an outside diameter of 16 millimeters and had a wall 
thickness of approximately 7.62 x 10"5m (.003 Inches). 

In addition, the balloon when deflated is twisted into a 
helix and heated so as to provide it with a memory which 
facilitates its introduction into a vessel of a patient as 40 
hereinafter described. 

A very flexible guide wire 74 is secured to the distal 
extremity of the balloon 64. The guide wire can have a 
suitable diameter such as 1.321 x 10"3m (.052 inches) 
in outside diameter and can have a suitable length, as 45 
for example. 7 centimeters. The guide wire 74 can be a 
spring formed from wire having a suitable diameter such 
as 2.286 x lO'^m (.009 inches) so that it will be radio- 
paque and thus readily obsenmble under x-rays when 
being used. TTie guide wire is provided with a rounded so 
tip 76 which can be formed from a suitable material such 
as a tin silver solder off 95% tin and 5% silver. The solder 
tip 76 has bonded therein the distal extremity of a safety 
ribbon 77 which extends towards the proximal extremity 
of the spring guide wire 74 and is secured to the proximal ss 
extremity thereof by suitable means such as the same 
tin silver solder hereinbefore described. The guide wire 
74 can range in diameter from 9.144 x 10"4 - 1.524 x 
10~3m (.036 inches to .060 inches). The ribbon 77 can 



be formed of a suitable material such as stainless steel 
and have a thickness of 7.62 x lO'Sm (.003 inches) and 
a width of 2.54 x 10"4m (.010 inches). 

As can be seen from Figure 3, the proximal extremity 
of the spring guide wire 74 has been stretched longitu- 
dinally beyond the yield point so that there is a space or 
interstice between each turn of the wire forming the prox- 
imal extremity of the spring. A plug 78 of a non-irradiated 
polyethylene is placed within the proximal extremity of 
the spring guide wire 74 but remote from the distal 
extremity of the tube 69. The plug 78 and the distal 
extremity of the balloon 64 are then heated to cause the 
non-irradiated polyethylene to melt and flow into the 
interstices of the stretched spring 74 to bond the spring 
74 to the distal extremity of the balloon 64 and to seal 
the distal extremity of the t>alloon so that gas cannot 
escape therefrom. 

The guide wire 74 is easily observed using x-rays 
due to its width and stainless, steel composition. Since 
the pusher button 66 is also fomied of stainless steel, it 
also is an easy marker to follow. The pusher button 66 
and guide wire 74 help indicate the position of the balloon 
64 because the balloon 64 is positioned between the 
pusher button 66 and the guide wire 74. Ihe balloon 64 
itself can be observed under x-rays because the blood 
in the patient's vessel is more opaque than the gas used 
for inflating the balloon. However, increased visibility of 
the balloon 64 can be obtained by inflating the balloon 
64 with a diluted radiopaque contrast solution. In addi- 
tion, if desired as shown in Rgure 3, two radiopaque 
bands 79 and 80 of a suitable material such as platinum 
or a platinum tungsten alloy can be placed on the proxi- 
mal and distal extremities or necked-down portions of tiie 
balloon 64 to aid in ascertaining the position of the bal- 
loon 64. 

It shouM be appredated that altiiough a separate 
balloon 64 has been provided, if desired, an integral bal- 
loon can be provided which is formed of tiie same tubing 
from which the flexible elongate tubular member 62 Is 
made. This can be readily accomplished, as is well 
known to those skilled in the art. by using an additional 
radiation dose for the balloon region of the tubing. 

In Figures 5 and 6 there is shown an alternative bal- 
loon catheter assembly 81 which utilizes a miiti-lumen 
flexible shaft 82 having a balloon 84 secured to the distal 
extremity of the same. The flexible shaft 82 is provided 
with a guide wire lumen 86 of a suitable size, as for exam- 
ple, 1.016 X 10"3m (.040 inches) which extends tiie 
entire length of ttie shaft and through the balloon 84. It 
is also provided witti a balloon inflation lumen 87 of a 
smaller size such as 2.54 x lO'^m - 3.81 x lO'^m (.010 
to ,015 inches) which opens tiirough a notched recess 

90 into tfie interior of the balloon 84. The lumen 87 can 
be connected to a suitable syringe or other device for 
inflating and deflating the balloon 84. A pusher button 88 
is mounted on tiie shaft 82 which is held in place by a 
bub 89 formed on the shaft 82. Aconventional guide wire 

91 can tfien be inserted into the lumen 86 of tiie catheter 
assembly 81 and utilized in a conventional manner to 
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advance the balloon catheter into tortuous vessels. Thus 
it can be seen that applicants' balloon catheter assenibly 
81 can be utilized in an over-the^wire system which is 
commonly used in angioplasty. The proximal and distal 
extremities of the balloon 84 can be fused by heat to the 
shaft 82 so that the balloon 84 can be inflated and 
deflated. With the guide wire 91 removed the lumen 86 
can be used as an injectate lumen. 

The endovascular grafting apparatus also includes 
a pusher rod assembly 96 which is shown In Rgure 7. It 
consists of a rigid thin wall tube 97 formed of a suitable 
material such as stainless steel. It has a suitable length 
as, for example, 2 1 centimeters and has an outside diam- 
eter of 1 .651 X 1 0"3m (.065 inches) and an inside diam- 
eter of 1.346 X 10~3m (.053 inches). An elongate solid 
flexible wire 98 of a suitable diameter as, for example 
4.572 X 10~-»m (.018 inches) is provided which extends 
centrally into the bore 99 of the tube for the entire length 
of tiie rigid tube 97. The wire 98 is secured by surtabte 
means such as an adhesive into a male Luer cap 101 
mounted on the pr(»dmal end of the tube 97. 

The outside of the tube 97 is small enough so that it 
can slide Inside the lumen sleeve 1 8 of the liner 1 7 of the 
catheter 12. The bore 99 of the rigid tube 97 is large 
enough so that it can receive the balloon catheter shaft 
62 with the wire 98 extending into the lumen 63 of the 
shaft 62. The wire 98 is long enough so that it can extend 
through the balloon shaft 62 and through the balloon 64 
and the tube 69 to engage the plug 78 provided at the 
distal extremity of the balloon 64. Typically, the pusher 
rod assembly 96 has a total length of approximately 75 
centimeters. 

An alternative pusher rod assembly 106 is shown in 
Figure 8 and consists of a rigid tube 107 similar to the 
tube 97 with a wire 1 08 having a diameter of, for example, 
4.572 X 10"4m (.OlSinches) extending into the same and 
being connected to a male Luer cap 109. A Touhy Borst 
0-ring adapter 1 1 1 is secured to the proximal extremity 
of the tube 107 and is provided with an 0-ring 1 12. A 
female Luer fitting 113 is mounted on the Touhy Borst 
adapter ill. In use of pusher rod assembly 106, the 
shaft 62 of the balloon catheter assembly 61 is threaded 
into the tube 106 over the wire 108 and through the o- 
ring 1 1 2. The proximal extremity of the shaft 62 is flared 
slightly over the o-ring after which the Touhy Borst 
adapter 111 can be tightened to seal the o-ring 112 
around the balloon catheter shaft 62. After certain oper- 
ations are acconpfished as hereinafter described, the 
male Luer cap 109andthewire 108 attached th^eto can 
be renrwed and a syringe (not shown) can be placed on 
a female Luer adapter 1 13 to inflate ttie balloon. 

An alternative embodiment of a pusher rod assem- 
bly 1 16 cooperating with the balloon catheter assembly 
81 shown in Rgure 5 is shown in Rgure 9. The pusher 
rod assembly 116 is comprised of a flexible relatively 
rigid tubular sleeve 117 of stainless steel which has a 
bore of a diameter to accommodate the shaft 82 of the 
catheter assembly 81 through which the guide wire 91 
extends. A wye adapter 1 18 is secured to ttie proximal 



extremity of the sleeve 1 1 7. A stop 1 1 9 is mounted in the 
side arm of the adapter 118 and a Touhy Borst adapter 
120 is mounted in the centiBi arm of the adapter 1 18. 
The guide wire 91 extends through tfie guide wire lumen 
5 86 and tfirough the wye adapter 1 1 8 and the Touhy Bast 
adapter 1 20 so that it can be readily engaged by the hand 
for advancing and retracting tiie guide wire 91 . The bal- 
loon 84 can be inflated and deflated through the stop 
cock 119. By pushing on the adapter 118 a force is 
10 applied to the pusher button 88 by the coaxial sleeve 1 1 7 
for a purpose hereinafter described. 

The endovascidar grafting apparatus 11 also 
Includes an expandable intraluminal vascular graft 121 
. shown in Rgures 1 0 and 1 1 for implanting in a body ves- 
15 sel. The graft 1 21 consists of a defbrmaWe tubular mem- 
ber 1 22 which is provided with first and second ends 1 23 
and 124 and a cylindrical or continuous wall 126 extend- 
ing between ttie first and second ends 123 and 124. The 
continuous wall 126 can be woven of any surgical 
» implantable material such as a Dacron-type 56f iber. One 
material found to be satisfactory is DeBakey soft woven 
Dacron vascular prosttiesis (uncrinped) sold by USCI. 
In order to prevent unraveling of the woven material at 
tiie ends, tiie ends can be melted with heat to provide a 
» small melted bead of Dacron on each end. The tubular 
member 122 can have a suitable length as, for example, 
8 to 15 centimeters with 10 centimeters being typical. 
The tubular member 1 22 can have a maximum expand- 
able diameter ranging from 14 to 30 millimeters and a 
0 minimum diameter in a collapsed condition of 4.445 x 
10^3 - 7.62 X 10"3m (.175 to .300 inches). Expandable 
spring means 131 is provided on each of the first and 
second ends 123 and 124 of the tubular member 122 
and is secured to tfie tubular member. The spring means 
5 serves to yieldably urge the tubular member 1 22 from a 
first compressed or collapsed position to a second 
expanded position. The spring means 131 is formed of 
a plurality of vees 132 with tiie apices 133 of tiie vees 
132 being formed witti helical coil springs 136 to yielda- 
3 bly urge ttie legs 137 and 138 of each of the vees 132 
outwardly at a direction at right angles to ttie plane in 
whfch each of the vees lie. The spring means 131 is 
shown more in detail in Rgure 1 1 and as shown ttierein. 
the spring means is comprised of a single piece of wire 
) which is formed to provide the vees 132 and also to 
define the helical coil springs 136 between the legs 137 
and 138. In the construction shown in Figure 10, it can 
be seen tiiat tiie spring means 131 have apices lying in 
tiiree longitudinally spaced-apart parallel planes 141. 
» 1 42 and 1 43 which are spaced witti respect to the longi- 
tudinal axis of ttie tubular member 1 22. The two ends of 
ttie single piece of wire can be welded togettier in one of 
ttie legs 137 and 138 to provide a continuous spring 
means. 

The spring means 131 is secured to ttie first and sec- 
ond ends 1 23 and 1 24 of the tubular member by suitable 
means such as a Dacron polyester suture material 146 
which is utilized for sewing ttie spring means onto ttie 
tubular member. This can be accomplished by a sewing 
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^ operation with the suture material 1 46 extending into and 

J out of the wall 126 of the tubular member and in which 

V ^ knots 1 47 are formed on each of the legs or struts 137 

and 1 38 in such a manner so that the apices lying in the 
planeUI extend outwardly and are spaced from the end 
on which they are mounted and in which the apices lying 
in the plane 1 42 extend just beyond the outer edge of the 
tubular member and in which the apices in the third plane 
are positioned inwardly from the outer edge. 

Hook-like elements 151 are provided on the apices 
lying in planes 141 and 142 and are secured to the vees 
132 in the vicinity of the apices by suitable means such 
as welding. The hook-like elements 151 can have a suit- 
able diameter such as 2.54 x 1 0"* - 3.556 x 1 0"3m (.010 
to 0.1 4 inches) and a length from .5 to 3 millimeters. The 
hook-like elements are sharpened to provide conical 
tips. The hook-like elements 151 shouW have a length 
which is sufficient lor the hook to penetrate into the ves- 
sel wall, but not through the vessel wall. 

The spring means 131 with the hook-like elennents 
151 secured thereto are formed of a corrosion resistant 
material which has good spring and fatigue characteris- 
tics. One such material found to be particularly satisfac- 
tory Is Elgiloy which is a chromium-cobalt-nickei alloy 
manufactured and sold by Elgiloy of Elgin. Illinois. The 
wire can have a diameter ranging from 2.54 x lO'^m - 
3.81 X lO'^m (.010 to .015 inches) in diameter wrth the 
smaller diameter wire being utilized for the smaller diam- 
eter tubular members as, for example. 12 to 15 millime- 
\ ters in diameter and the larger tubular members as. for 

) example, those having a 30 millimeter diameter using the 

'^"^ larger wire sizes. 

It has been found that the spring force created by 
the helical coils 136 at the apices 133 is largely deter- 
mined by the diameter of the wire. The greater the diam- 
eter of the wire, the greater the spring force applied to 
the struts or legs 137 and 138 of the vees. Also, the 
longer the distances are between the apices lying in 
planes 141 and 142. the smaller the spring force that is 
applied to the legs or struts 1 37 and 1 38. It therefore has 
been desirable to provWe a spacing between the outer 
extremities of the legs or struts of approximately one cen- 
timeter, although smaller or larger distances may be uti- 
lized. 

The hook-like elements 151 at the proximal and dis- 
tal extremities of the graft 121 are angled at suitable 
angles with respect to longitudinal axis of the tubular 
member 122. The hook-like elements face towards each 
other to facilitate holding the graft 121 in place in the ves- 
sel of tfie patient. Thus, the hook-like elements 151 on 
the proximal extremity 123 are inclined from the longitu- 
dinal axis by 55* to 80° and preferably about 65* toward 
the distal end of the graft 121 in the direction of blood 
flow. TTie hook-like elements 151 on the distal end 124 
of tiie graft or irriplant 121 are inclined from the longitu- 
dinal axis by 30*» to 90* and preferably 85* in a direction 
towards the proximal end 1 23 and opposite the direction 
of blood flow. The hook-like elements 151 serve as 



attachment means at each end of ttie graft 1 21 and when 
implanted oppose migration of the graft. 

The helk^al coil springs 136 placed at the nodes or 
apices 133 of tfie vees 132 of ttie spring means 131 
5 serve to facilitate compression of the graft when it is 
desired to place the same within tiie capsule 36 as here- 
inafter descrbed. Thecompressionof thegraftisaccom- 
plished by deformation of the coil springs 136 within their 
elastic limits. Placing the nodes or apices 1 33 in different 
10 planes greatiy aids in reducing tiie size to which the graft 
can be reduced during compression of ttie same by stag- 
gering or offsetting the hooks or hook-like elements 1 51 . 
This also helps to prevent the hook-like elements from 
becoming entangled witii each otiier. The natural spring 
75 forces of the helical coil springs 1 36 provided in the api- 
ces of ttie vees serves to expand the graft to its expanded 
position as soon as the graft is free of the capsule 36. By 
way of example, as shown in the drawirigs, tiiree apices 
or nodes can be provkied in ttie plane 1 41 and three api- 
20 ces or nodes in the plane 1 42 which are offset longitudi- 
nally witti respect to ttie nodes in plane 1 41 and six nodes 
in plane 143. The placement of six nodes or apices 133 
in ttie plane 1 43 does not interfere witfi ttie compression 
of ttie graft 1 51 because there are no hook-like elements 
25 1 51 at tiiese nodes or apfoes 1 33 in ttie plane. For larger 
diameter grafts, the spring means 131 can be provided 
with additional apices or nodes 133 to enhance attach- 
ment as hereinafter described. 

Radiopaque marker means is carried by the graft 
30 121. The radiopaque marker means takes the form of 
four radiopaque markers 156. TTie radiopaque markers 
are made of a suitable material such as a platinum tung- 
sten alloy wire of a suitable diameter such as 7.62 x 
1 0"5m (.003 inches which is wound into a spring coil hav- 
35 ing a diameter of 1 .01 6 x 1 0"3m (.040 inches) and having 
a lengtti of 3.175 x 10~3m (.125 inches). These markers 
1 56 are secured to the tubular member 1 22 by ttie same 
suture material 1 46. Two of ttie radiopaque markers 1 56 
are located on the tubular member 122 in spaced apart 
40 aligned positions longitudinally of and parallel to ttie fon- 
gitudinal axis of ttie tubular member 1 22 but are adjacent 
to ttie apices 133 lying in the planes 143 at ttie opposite 
ends 1 23 and 1 24 of ttie graft 1 2 1 . Thus ttie markers 1 56 
are spaced a maximum distance apart on ttie graft but 
45 Still within the attachment means carried by ttie graft 121. 
Anottier set of two markers is provided on the tubular 
member 1 22 spaced 1 80* from the first set of two mark- 
ers along the same tongitudinal axis (see Rgure 15). By 
placing ttie markers in ttiese positions, it is possible to 
50 ascertain ttie position of ttie graft 121 and at tiie same 
time to ascertain whether or not there has been any twist 
in ttie graft between ttie first and second ends of ttie graft. 
In ottier words when there is no twist in the graft 1 21 ttie 
four markers 1 56 form four corners of a rectangle. How- 
55 ever, if a twist in the graft 1 2 1 is present, then ttie pair of 
markers 156 at one end of ttie graft 121 have a different 
spacing transverse of the longitudinal axis of the graft 
ttien ttie ottier pair of markers 156 at ttie ottier end. 
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In order to ensure that the graft 121 will not become 
dislodged after it has been implanted, it may be desirable 
to provide alternative hook-like elements to ensure that 
the graft will remain in place after it has been implanted. 
An alternative hook-like element 1 61 is shown in Figure 5 
12 in which each of the hook-like elements 161 has been 
provided with a baib 162 which extends outwardly from 
the main body 1 63 of the hook-like element. Thus by way 
of example, the main body 163 can be formed of a wire 
having a suitable diameter such as 3.048 x lO'^m (.012 
inches) with the diameter of the hook-like body in the 
victnfty of the barb 162 having a suitable diameter such 
as 2.54 X I0"4m (.010 inches). The hook-like element 
can have a suitable length such as 1.5 millimeters 

Another altemative hook-like element 1 66 is shown is 
in Figure 13 which has a body 167 of a suitable diameter 
such as 2.54 X lO'^m (0.10 inches) with a conical tip 
168. Outwardly extending spring-like ribbons 169 having 
a suitable dimension such as 5.08 x 1 0'^m (.002 inches) 
in thickness and a width of 2.032 x lO'^^m (.008 inches) 20 
are secured by suftable means such as welding to the 
body 167. As shown, the spring-like elements 169 can 
flare outwardly so that in the event any attempt is made 
to withdraw or retract the hook-like element, the spring- 
like ribbons 169 will become firmly imbedded in the tis- 2s 
sue to inhibit such removal. It also shouki be appreciated 
that other means can be provided on the hook-like ele- 
ments to inhilMt withdrawal of the same from tissue once 
they have become embedded in the same. Thus, by way 
of exanple as shown in Figure 1 3, helical or annular ser- 30 
rations 170 can be provided on the hook body to inhibit 
such withdrawal. In each of the embodiments with the 
hook-like elements it can be seen that the profile of the 
hook-like element is kept to a minimum during the time 
that it is penetrating the tissue. 3s 

The endovascular grafting apparatus 11 is shown 
assembled for use as shown in Rgure 1 typically in the 
manner it wouU be packaged for shipment to a hospital 
or doctor for use. As shown in Figure 1, the graft has 
been compressed or squeezed onto the balloon shaft 62 40 
and is positioned within the capsule 36 with the pusher 
button 66 being positioned immediately to the rear or 
proximal to the proximal extremfty of tiie graft (see Rgure 
14). In this connection it shouki be appreciated in order 
to minimize the diameter of tiie graft to make use of a 45 
capsule of minimum diameter, the balloon catiieter 
shouki be of minimum profile. The balloon shaft 62 is 
threaded on the wire 108 and extends into the rigid tube 
107 of tiie pusher rod 106. The balloon 64 is disposed 
fbn(vardly or distally of the capsule 36. The wire 1 08 is in so 
engagement with tiie plug 78 in the distal extremity of 
the balloon 64. 

When it is desired to perform a procedure utilizing 
an endovascular or system grafting apparatus 1 1 of the 
present invention to perform the method of the present ss 
invention, an apparatus is selected which has tiie appro- 
priate size of graft 121 witiiin the capsule 36. The lengtti 
and size of tiie graft 121 Is determined by the size of tiie 
vessel of the patient in which tiie aneurysm has 



occurred. Typically the size of the graft 121 is selected 
so that ft has sufficient length to span approximately one 
centimeter proximal and one centimeter distal of tiie 
aneurysm so that the hook-like elements 1 51 of the graft 
can seat wfthin normal tissue of the vessel on both sides 
of the aneurysm. Thus, the graft should be two centim- 
eters longer than the aneurysm being repaired. The 
diameter is selected by measuring the vessel in a preim- 
plant procedure by conventional radiographk; tach- 
nk)ues and ttien using a graft 121 of the next larger one 
millimeter size. During the preimplant fluoroscopy proce- 
dure, using a conventional pigtail catiieter, the locations 
of the renal arteries are ascertained so tiiat tiiey will not 
be covered by the graft 121 when ft is implanted. 

Let ft be assumed tiiat the patient on whom the oper- 
ation is to take place has been prepared in a conventional 
manner by use of a dilator witii a guide wire and a sheatii 
(not shown) to open the femoral artery or vessel of tfie 
patient. The apparatus 11 is inserted into tfie sheatii 
which has previously been placed In the femoral artery 
of the patient. This insertion can be accomplished with- 
out a guide wire, witti a guide wire or by the use of a soft 
sheatii previously positioned over a guide wire. With ttie 
construction shown in Figure 3, the balkxHi 64 wrth Hs 
guide wire 74 followed tiy the capsule 36 is introduced 
into the femoral artery and alvanced in the femoral 
artery by tfie physidan grasping the proximal extremfty 
of tiie capsule catiieter 1 2 and tiie cap of the pusher rod 
assembly 96. The balloon 64 is twisted into a hefix to 
place ft in its helical memory condition to reduce fts pro- 
file to a minimum. The balloon 64 and the capsule 36 are 
advanced by the physician into the desired position by 
use of tiie guide wire 74. The physician slightiy rotates 
the apparatus 1 1 in tiie direction of the balloon twist to 
maintain tiie helical twist in tfie balloon 64 and pushes 
on the apparatus 11. 

Typk^ly a desired posftion will be wfthin ttie abdom- 
inal aorta witti tfie proximal extremity 1 23 of tiie graft 1 2 1 
and at least one centimeter distal to tiie lower renal 
artery. At about the same time, the physician shouki 
rotate tiie capsule catheter 12 to rotate ttie capsule 36 
and tiie graft therein in order to orient the radiopaque 
graft markers 156 such that the distance between tfie 
pair of markers 1 56 at each end of the graft 1 21 is max- 
imized. As soon as the capsule 36 is in the desired posi- 
tion, ttie Touhy Borst 0-ring assembly 27 is opened to 
permrt free movement of the pusher rod assen*ly 96. 
Wrth the balloon 64 riding well beyond or just distal of tfie 
end of tiie capsule 36, one hand of the physician is used 
for holding the pusher rod assembly 96 by engaging the 
cap 101 and holding tiie pusher rod stationary and pull- 
ing outwardly on tfie capsule catheter 12 witfi tiie other 
hand to cause relative movement between the pusher 
rod assen*ly 96 in ttie inner liner 1 7 and the capsule 36. 
This causes ttie wire 98 of the pusher rod assemtrfy 96 
to engage ttie plug 78 of ttie balloon cattieter assembly 
61 . The pusher button 66 carried by tiie balloon catheter 
shaft 62 which is in engagement witii ttie proximal 
extremfty of ttie graft 121 in the region of the nodes 133 
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in the plan© 143 forces the graft 121 out of the capsule 
36 as the capsule is withdrawn. As soon as the proxinnal 
extremity of the graft 1 21 has cleared the distal extremity 
of the capsule, the proximal extremity 123 of the graft 
1 21 pops outwardly under the force of the spring means 5 
131 carried by the proximal extremity 123 of the graft 121 
and will spring into engagement with the vessel wall 1 66. 

As soon as this has occun-ed, the pusher rod assem- 
bly 96 Is pulled out of the capsule catheter 1 2. While the 
physician uses one hand to hold the capsule catheter 1 2 10 
stationary, the catheter shaft 62 which is protruding prox- 
imally of the capsule catheter 1 2 is grasped by the other 
haitd and pulled rearwardly to position the proximal 
extremity of the balloon 64 into the proximal extremity 
123 of the graft 121 as shown in Figure 15. A conven- 75 
tional hand operated syringe and Tuohy Borst adapter 
(not shown) are then taken and attached to the proximal 
extremity of the balloon catheter shaft 62. The balloon 
64 is then expanded by introducing a suitable gas such 
as carbon dioxide or a dilute radiopaque liquid from the so 
syringe to urge the hook-like elements 151 outwaidly to 
firmly seat wfthin the vessel wall 166. 

As soon as this has been accomplished, the capsule 
catheter 12 is pulled out further with the balloon 64 still 
inflated until approximately one-half or more of the graft zs 
121 has cleared the capsule 36. Leaving the balkx)n 
inflated provides additional security to ensure that the 
proodmalfy seated graft 121 will not move during retrac- 
tion of the capsule 36. The l>alloon 64 is then deflated. 
The balloon 64 is then retracted further into the graft and 30 
reinflated to ensure that a good attachment is made 
between the hook-like elements 151 earned by the 
spring means 131 at the proximal extremity 123 of the 
graft 121. The capsule 36 can then be removed in suc- 
cessive steps and the balloon deflated, retracted and 35 
reinflated. The capsule catheter 12 can then be with- 
drawn completely to the distal portion of the abdominal 
aorta to permit the distal extremity 124 of the graft 121 
to move out completely of the capsule 36 and to permit 
its distal extremity 1 24 to spring open and have the hook- 40 
like elements 151 move into engagement with the vessel 
wall 166. Thereafter, the balk)on 64 is again deflated. 
The balkxm catheter shaft is then grasped by the physi- 
cian's hand and pulled reanwardiy to center the balloon 
64 within the distal extremity 124 of the graft 121. The 45 
balloon 64 is reinflated to set the hook-like elements 1 51 
at the distal extremity of the graft into the vessel wall 1 66. 
As soon as this has been completed, the balloon 64 is 
again deflated. The balkx>n catheter assembly 61 is then 
renfKJved from the femoral artery. 50 

The entire procedure hereinbefore can be ot>served 
under fluoroscopy. The relative posittoning of the graft 
1 21 and the balk)on 64 can be readily ascertained by the 
radiopaque attachment means 131, radiopaque markers 
1 56 provided on the graft, and the radiopaque portions 55 
of the balloon 64. If any twisting of the graft 121 has 
occurred between placement of the proximal hook-like 
elements and the distal hook-like elements, this can be 
readily ascertained by obsen^ing the four markers 156. 



Adjustments can be made before ^'ectk)n of the distal 
extremity 124 by rotatk>n of the capsule catheter 12 to 
eliminate any twisting which has occun'ed. In addition, 
the distance between the pairs of radiopaque markers 
156 longftudinal of the axis is measured on the flat plate 
abdominal x-ray nr^de during the procedure and com- 
pared with the known distance between the pairs of 
markers 156 tongitudinal of the axis of the graft 121 
ascertained during manufacture of the graft 121. This is 
done to ascertain whether longitudinal aocordioning of 
the graft 121 has occurred. 

Post implant fluoroscopy procedures can be utilized 
to confirm the proper implantation of the device by the 
use of a conventional pigtail catheter. Thereafter the 
sheath can be removed from the femoral artery and the 
femoral artery closed with conventional suturing tech- 
niques. Tissues should begin to grow into the graft within 
two to four weeks with tissue completely covering the 
interior side of the graft within six months so that no por- 
tion of the graft thereafter would t>e in convnunicatron 
with the blood circulating in the vessel. This establishes 
a complete repair of the aneurysm which had occurred. 

It is apparent from the foregoing that tha'e has been 
provided a new and improved endovascular grafting 
apparatus, system and method for utilizing the same. 
The construction of the capsule catheter is such that it 
has sufficient rigidity to ensure easy and ready place- 
ment of the capsule carried thereby The pusher rod 
assembly which is used therein is constrained in such a 
manner so that relatively great forces can be applied to 
the pusher rod assembly even though the pusher wire 
has only a diameter of .018 inches. The tube 69 also 
serves to provkle a confined space for the wire 98 to sit 
in while a high compressive force is being applied to the 
wire. The tube 69 prevents the wire from buckling or kink- 
ing within the b>alloon. ft also prevents the balloon from 
collapsing during insertion of the apparatus 1 1 . The cap- 
sule 36 which is provided as a part of the catheter assem- 
bly is formed of metal which makes it possible to utilize 
grafts having very sharp hopk-like elements without any 
danger of them penetrating the capsule during the time 
that the capsule is being introduced into the vessel of the 
patient In addition, the capsule since it is flexible and 
can bend through angles up to approximately 120* in 
order to readily negotiate the bends which occur in the 
vessel of the patient The balloon catheter is made in 
such a way that the balloon can be readily introduced 
into the vessel because of the rigid tubular member pro- 
vided within the t>alloon while at the same time permitting 
inflation and deflation of the balloon through the same 
tubular member. The pusher button 66 is mounted on the 
balloon catheter in such a manner so that it cannot shift 
at all in one direction or proximally longitudinally of the 
balloon catheter. The pusher button 66 also can only 
move a limited distance towards the balloon 64 until it 
reaches the balloon 64. In one embodiment shown in 
Figure 3 the pusher button 66 cannot move proximally or 
distally whereas in another embodiment shown in Rgure 
4 it cannot move proximally Ixit can move distally This 
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is an advantage when retracting the proximal extremity 
of the balloon 64 into the graft 121 for placement of the 
proximal hook-like elements 151 because the pusher 
button 66 can slide fonwardly or distally of the shaft 62 
as the shaft 62 is retracted to bring the proximal extremity 5 
with the balloon 64 into the graft 121 . Thus the pusher 
button 66 will not be pulled back Into the capsule 36 and 
catch on the collapsed distal extremity 124 of the graft 
121 within the capsule 36. The balloon is also mounted 
on the distal extremity of the balloon catheter in such a 10 
manner so that the balloon cannot leak. The balloon 
catheter can be provided with either a fixed guide wire, 
or if desired, a movable guide wire so that an over-the- 
wire system can be utilized. 

The capsule 36 is constructed in such a manner so is 
that it Is semi-radiopaque allowing it to visualized 
while still permitting observation of the graft within the 
capsule and the attachment means provided on the graft 
The capsule 36 is also constructed in such a manner so 
that the hooks which are provkied on the graft will readily 20 
slide in one direction over the wraps or turns of the cap- 
sule without hanging up or catching onto the individual 
wraps of the ribbon forming the capsule. 

The graft which is provided with the helical coll 
springs at each of the nodes is particularly advantageous 2s 
in that it permits compression of the graft into a very small 
size without causing pennanent deformation of the 
attachment means. Because of the spring forces pro- 
vkled by the attachment means, it is possible tfiat the 
grafts can be implanted without the use of an inflatable 30 
balloon for forcing the hook-like elements into the tissue 
of the vessel. However, at the present time, it Is still 
believed to be desirable to utilize the balloon to ensure 
that the hook-like elements are firmly implanted into the 
wall of the vessel so as to inhibit migration of the graft 35 
within the vessel. 

Claims 

1. An endovascular grafting system including a cap- 40 
sule catheter (12) comprising a flexible elongate 
tubular member (16) having proximal and distal 
extremities and a capsule (36) mounted on the distal 
extremity of the tubular member (16); a graft (121) 
disposed within the capsule (36). the graft (121) 45 
comprising a tubular member (122) having proximal 
and distal ends (123.124), hook-like attachm^t 
means (131) secured to the proximal and distal ends 
(123, 124) of the tubular member (122) and facing 
in a direction outwardly towards the inner wall of the so 
capsule (36); and push rod means (96) disposed 
within the capsule catheter (12) and engaging the 
graft (121) whereby upon relative movement 
between the push rod means (96) and the capsule 
catheter (12), the graft (1 2 1 ) can be forced out of the 55 
capsule (36), characterised in that the capsule (36) 
is generally cylindrical in shape and is formed of a 
helical wrap of a metal ribbon (39) and means (38. 



43) bonding said wrap into a unitary capsule while 
permitting bending of saki unitary capsule. 

2. A system as in Claim 1 together with a balloon cath- 
eter (61) conprised of a flexible elongate member 

(62) having proximal and distal extremities and a bal- 
loon (64) secured to the distal extremity of the flexi- 
ble ebngate member (62). the flexible elongate 
member (62) of the balloon catheter (61) having a 
balloon inflation lumen (63) extending through the 
flexible elongate tubular member (16) of the capsule 
catheter (12) and means for inflating and deflating 
the balloon (64) through the balloon inflation lumen 

(63) of the flexible elongate member (62) of the bal- 
loon catheter (61). 

3. A system as in Qaim 2 wherein said balloon catheter 
(61) includes a rigkJ metallic tube (69) extending 
through the balloon (64) and in communication with 
the balloon lnflatk)n lumen (63). 

4. Asystem as in Claim 3 wherein sakj push rod means 
(96) includes a wire (98) extending through said rigki 
metallic tube (69). 

5. A system as in Claim 4 wherein said balloon catheter 

(61) includes a plug (78) distal of the balloon (64) 
engageable by sakJ wire (98). 

6. A system as in Claim 2 together with a pusher button 
(66) mounted on the flexible elongate member (62) 
of the balk>on catheter (61) and engaging the graft 
(121). 

7. A system as in Claim 6 wherein the push rod means 
(96) engages the pusher button (66). 

8. A system as in Claim 6 wherein said pusher button 
(66) is mounted in a fixed positbn on the flexible 
elongate member (62) of the balk)on catheter (61). 

9. A system as in Qaim 6 wherein said pusher button 
(66) is mounted on sakI flexible elongate member 

(62) with the balloon catheter (61) so that it is mov- 
able between one position spaced from the proximal 
extremity of the balloon (64) and another position 
adjacent to the proximal extremity of the balloon 

(64) . 

10. An expandable intraluminal vascular graft (121) for 
implanting in a body vessel comprising a defbrmable 
tubular member (122) having proximal and distal 
ends (123, 124) and a wall (126) extending between 
the proximal and distal ends (123, 124). the wall 
(126) being formed of a flexible material capable of 
receiving tissue ingrowth, sakJ tubular member (122) 
being capable of assuming a first position of reduced 
size for insertion into the body vessel and a second 
expanded position; expandable yieldable spring 
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means (131) secured to the proximal and distal ends 
(123. 124} of the tubular member (122). said yield- 
able spring means (131) being in the form of sub- 
stantialiy vee-shaped spring portions (132) having 
apices(133)andlegs(137.138)exJendingfromthe 5 
apices (133) for urging said tubular member (122) 
from said first position of reduced size to a second 
expanded position; and attachment means (151) 
secured to the proximal and distal ends (123.124) of 
the tubular member (122) for attachment to the body w 
vessel characterised in that said spring means (131) 
is provided with a helical torsion spring (1 36) at each 
apex (1 33) yieldably urging said legs (1 37. 1 38) in a 
direction to open the vee-shaped spring portions 
(132). ,5 

11. A graft as in Claim 10 wherein said attachment 
means (151) is secured to said spring means (131). 

12. AgraftasinQaim lOorClaim 11 wherein the attach- so 
ment means (151) is in the form of hook-lite ele- 
ments. 

13. A graft as in Claim 12 wherein said hook-like ele- 
ments (151) are secured to the spring means (131) 25 
in the vicinity of the apices (133) of the vees (132). 

14. A graft as in Claim 13 wherein the apices (133) of 
the vees (132) lie in first and second planes (141. 

1 42) spaced longitudinally of the longitudinal axis of jo 
the graft (121). 

15. A graft as in Claim 14 wherein the apices (133) in 
the first and second planes (141. 142) are spaced 
beyond the end of the tubular member (122) and 35 
wherein the hook-like elemente (151) are mounted 

on the vees (132) in the vicinity of the apices (133) 
lying in the first and second planes (141 . 142). 

16. A graft as in (^aim 15 wherein the apices (133) in 40 
the first and second planes (141 , 142) are offset dr- 
cumferentially with respect to the apices (133) in the 
other of the first and second planes (141 . 142). 

17. A graft as in Claim 16 wherein at least three apices 45 
(1 33) are provided in the first plane (1 41) and at least 
three apices (133) are provided in the second plane 
(142). 

18. A graft as in any of Claims 10 to 17, together with so 
radiopaque marker means (156) secured to the wall 
(126) of the tubular member (122). said marker 
means (1 56) including first and second aligned radi- 
opaque mariners spaced apart longitudinally of the 
tubular member (122) to permit ascertaining 55 
whether any twisting of the tubular member (122) 
has occurred. 



19. A graft as in Claim 18 wherein the first and second 
markers (156) are positioned adjacent apk;es (133) 
of the yieklable spring means (131). 

20. A graft as in any of aaims 10 to 19 wherein the 
attachment means (151) includes hook-like ele- 
ments, the hook-like elements extending outwardly 
from the tubular member (122) with the hook-like 
elements on the proximal and distal ends (123,124) 
facing each other. 

21. A graft as in Claim 20. wherein the hook-like ele- 
ments (151) on the proximal end (123) extend at an 
angle to the longitudinal axis ranging from 55'' to 80'' 
in a direction towards the distal end (124) of the graft 
(121) and wherein the hook-like elements (151) on 
the distal end (124) extend outwardly from the ver- 
tical in a direction ranging from 30'' to 90'' towards 
the proximal end (123) of the graft (121). 

PatentansprQche 

1. Endovaskulares Implantiersystem, umfassend 
einen Kapselkatheter (12), welcher mit einem flexi- 
blen langgestreckten rOhrenartigen Element (16) 
ausgebiMet ist, das ein proximales und ein distales 
Ende aufweist. und mit einer Kapsel (36) ausgebil- 
det ist welche an dem distalen Ende des rOhrenar- 
tigen Elements (16) angebracht ist. ein Implantat 
(121). welches innerhalb der Kapsel (36) angeord- 
net ist. wobei das Implantat (121) ein rOhrenartiges 
Element (122) mit eInem proximalen und einem 
distalen Ende (123. 124), ein hakenartiges Anbrin- 
gungsmittel (131). welches an dem proximalen und 
dem distalen Ende (123. 124) des rohrenartigen 
Elements (122) festgelegt ist und in einer Richtung 
auswarts auf cfie Innenwandung der Kapsel (36) zu 
weist. umfaBt, und ein Schubstangenmlttel (96). 
welches innerhalb des Kapselkatheters (12) ange- 
ordnet ist und an dem Implantat (121) angreifl, 
wodurch bei einer Relativt>ewegung zwischen dem 
Schubstangenmlttel (96) und dem Kapselkatheter 
(12) das Implantat (121) ausder Kapsel (36) heraus 
gedruckt werden kann. 
dadurch gekennzeichnet, 
daB die Kapsel (36) von im allgemeinen zylindri- 
scher Form ist und aus erner schraubenartigen 
WicWung aus einem Metalll>and (39) und Mittein 
(38. 43) geblkJet ist. welche die WicWung zu einer 
einheitlichen Kapsel verbinden, wahrendsie ein Bie- 
gen der einheitlichen Kapsel zulassen. 

2. System nach Anspruch 1 zusammen mit einem Bal- 
lonkatheter (61 ). welcher ein f lexibles langgestreck- 
tes Element (62) mit einem proximalen und einem 
distalen Ende und einem Ballon (64) umfaBt. wel- 
cher an dem distalen Ende des flexiblen langge- 
streckten Elements (62) festgelegt ist. wobei das 
flexible langgestreckte Element (62) des Ballonka- 
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theters (61) eine BallonfulIrOhre (63) aufweist, wel- 
che sich durch das flexible langgestreckte 
rohrenartlge Element (1 6) des Kapselkatheters (1 2) 
erstreckt sowie Mitte! zum Befullen und Entleeren 
des Ballons (64) durch die BailonfDItrOhre (63) des 5 
f lexiblen langgestreckken Elements (62) des Ballon- 
Katheters(61). 

3. System nach Anspruch 2. worin der Balionkatheter 
(61) ein steifes Metallrohr (69) unnfa6t welches sich 10 
durch den Ballon (64) erstreckt und in Verfoindung 
mit der BallonfOllrOhre (63) steht. 

4. System nach Anspruch 3, worin das Schubstangen- 
mittel (96) einen Draht (98) umfaSt, welcher sich is 
durch das steife Metallrohr (69) erstreckt. 

5. System nach Anspruch 4. worin der Balionkatheter 
(61 ) einen bezQglich des Ballons (64) distalen Pfrop- 

fen (78) umteBt. an welchem der Draht (98) angrei- 20 
fenkann. 

6. System nach Anspruch 2 zusammen mit einem 
Schiebeknopf (66), welcher auf dem f lexiblen lang- 
gestreckten Element (62) des Ballonkatheters (61) ss 
angebracht ist und an dem Implantat (121) angreift 



(123, 124) des rOhrenartigen Elements (122) fest- 
gelegt ist wobei das nachgiebige Federmittel (131) 
cfie Form von im wesentlichen V-ft)rmlgen Federab- 
schnitten (1 32) aufweist mit Scheitein (1 33) und Bei- 
nen (137, 138). welche steh von den Scheitein (1 33) 
erstrecken, urn das rOhrenartige Element (122) von 
der ersten Stellung verringerter GrOBe zu einer 
zweiten expandierten Stellung zu drdngen. und ein 
Anbringungsmittel (151). welches an dem proxima- 
len und dem distalen Ende (123. 124)desrQhrenar- 
tigen Elements (122) zur Anbringung an dem 
KOrpergefdB festgelegt ist. 
dadur^ gekennzeichnet, 
daB das Federmittel (131) eine schraubenartige Tor- 
sionsfeder (136) an jedem Scheitel (133) aufweist. 
wetehe die Beine (137. 138) nachgiebig in einer 
Richtung zum Offnen der V-fOrrrtgen Federab- 
8chnitte(132)drangt 

11. Implantat nach Anspruch 10. worin das Anbrin- 
gungsmittel (151) an dem Federmittel (131) festge- 
legt ist. 

12. Implantat nach Anspruch 10 oder 11. worin das 
Anbringungsmittel (151) die Form von hakenartigen 
Elementen aufweist. 



7. System nach Anspruch 6. worin das Schubstangen- 1 3. Inplantat nach Anspruch 1 2. worin die hakenartigen 
mitlel (96) an dem Schiebeknopf (66) angreift Elemente (151) an dem Federmittel (131) in der 

30 Umgebung der Scheitel (133) des Vs (132) festge- 

8. System nach Anspruch 6. worin der Schiebeknopf legt sind. 
(66) in einer festen Position an dem flexiblen lang- 

gestreckten Element (62) des Ballonkatheters (61) 14. Implantat nach Anspruch 13, worin die Scheitel 

angebracht Ist. (133) der Vs (132) in ersten und zweiten Ebenen 

^ ^ 35 (141. 142) liegen. die langs der Langsachse des 

9. System nach Anspruch 6, worin der Schiebeknopf Implantats (121) einen Abstand zueinander aufwei- 
(66) an dem flexiblen langgestrecklen Element (62) sen. 

mit dem Balionkatheter (61) derart angebracht ist 

daB er zwischen einer Position, in welcher er von 15. Implantat nach Anspruch 14. worin die Scheitel 

dem proximalen Ende des Ballons (64) einen 40 (133) in den ersten und zwerten Ebenen (141. 142) 

Abstand aufweist. und einer weiteren dem proxima- uber das Ende des rOhrenartigen Elements (122) 

len Ende des Ballons (64) benachbarten Pbsitton hinausim Abstand zueinanderangeordnet sind. und 

bewegbar ist. vvorin die hakenartigen Elemente (151) an den Vs 

(132) in der Umgebung der Scheitel (133) ange- 

10. Im Lumen eines GefSBes expandierbares Implantat 4s bracht sind. die in den ersten und den zweiten Ebe- 
(121) zum Implantieren in ein KOrpergefaB. umfas- nen (141, 142) liegen. 

send ein verformbares rohrenartiges Element (122) 

mit einem proximalen und einem distalen Ende 16. Inplantat nach Anspruch 15. worin die Scheitel 

(123. 124) und einer sich zwischen dem proximalen (133) in den ersten und den zweiten Ebenen (141, 

und dem distalen Ende (123. 124) erstreckenden so 142) in Umfangsrichtung bezuglich den Scheitein 

Wandung (126). wobei die Wandung (126) aus (133) in den anderen der ersten und zweiten Ebenen 

einem flexiblen Material gebiWet ist. welches zur (141. 142) vereetzt sind. 
Aufnahme von einwachsendem Gewebe geeignet 

ist. wobei das rOhrenartige Element (122) in der 17. Implantat nach Anspruch 16. worin wenigstens drei 

Uge ist. eine erste Stellung verringerter QrOBe ein- 55 Schertel (1 33) in der ersten Ebene (1 41) vorgesehen 

zunehmen zum Einfuhren in das KflrpergefSB und sind und wenigstens drei Scheitel (1 33) in der zwei- 

eine zweite expandierte Stellung einzunehmen. ein ten Ebene (142) vorgesehen sind. 
expandiert)ares nachgiebiges Federmittel (131). 
wetohes an dem proximalen und dem distalen Ende 
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18. Implantat nach einem der AnsprQche 10 bis 17 
zusammen mit einem rOntgenstrahlungsundurch- 
lassigen MarWerungsmittel (156). welches an der 
Wandung (126) des rOhrenartigen Elements (122) 
festgelegt ist. wobei das Markierungsmittel (156) 5 
erste und zweite ausgerichtete rOntgenstrahlungs- 
undurchiassige Marlderungen umfaBt. welche in 
Langsrichtung des rOhrenartigen Elements (122) im 
Abstand zueinander angeordnet sind, urn ein 
Sicherstellen, ob ein Venvinden des rdlirenartigen w 
Elements (122) aufgetreten ist zu ermOglichen. 

19. Implantat nach Anspruch 18. worin die ersten und 
zweiten Markierungen (156) benachbart Scheitein 
(133) des nachgiebigen Fedemiittels (131) ange- is 
ordnet sind. 



moyens (38, 43) associant ladite spirale en une cap- 
sule unitaire tout en permettant k ladite capsule uni- 
tairedesecourber. 

2. Systdme selon la revendication 1. associ6 k un 
cath6ter k ballon (61) constitu6 par un 6l6ment sou- 
pie allonge (62) ayant des extr6mit6s proximale et 
dislale et un ballon (64) f ix6 k TextrMtd distale de 
r^i^ment flexible allong6 (62). r^l^ment flexible 
allonge (62) du cath^er k ballon (61) comportant 
une ouverture de gonflage de ballon (63) traversant 
r^l^ment tubulaire flexible allonge (16) du cath^er 
k capsule (1 2) et un moyen pour gonf ler et d6gonf ler 
le ballon k travers I'ouverture de gonflage de ballon 
(63) de moment flexible allonge (62) du catheter k 
ballon (61). 



20. Implantat nach einem der Anspruche 10 bis 19. 
worin das Anbringungsmittel (151) hakenartige Ele- 
mente umfaBt wobei die hakenartigen Elemente 20 
sich von dem rOhrenartigen Element (122) nach 
auswdrts erstrecken. wobei die hakenartigen Ele- 
mente an dem proximalen und dem distalen Ende 
(123, 124) zueinander weisen. 

21 . Implantat nach Anspruch 20, worin die hakenartigen 
Elemente (151) an dem proximalen Ende (123) steh 
unter einem Winkel zur Ungsachse, welcher im 
Bereich von 55* bis 80* liegt, in einer Richtung auf 
das distale Ende (124) des Inplantats (121) zu 30 
erstrecken. und worin die hakenartigen Elemente 
(151) an dem distalen Ende (124) sich von der Ver- 
tikalen nach auswdrts in einer Richtung, welche im 
Bereich von 30'' bis 90'' liegt. auf das proximale 
Ende (123) des tmplantats (121) zu erstrecken. 35 

Revendications 

1. Syst6me de greffe intravasculaire comprenant un 
cath6ter k capsule (12) ayant un 6l6ment tubulaire 40 
flexible allong6 (16) avec des extr6mit6s proximale 
et distale et une capsule (36) mont6e sur rextr6mit6 
distale de r^l^ment tubulaire (16) ; un greffbn (121) 
plac6 k I'int^rieur de la capsule (36). le greflbn (121) 
6tant constitu6 par un 6!6ment tubulaire (1 22) ayant 45 
des exlr6mit6s proximale et distale (123. 124). des 
moyens de fixation (131) en forme de crochet fix6s 
aux extr6mit6s proximale et distale (123, 124) de 
r6l§ment tubulaire (122) et orient6s vers rext6rieur 
en direction de la paroi int6rieure de la capsule (36) so 
: et un moyen de tige de pouss6e (96) plac6 k rint§- 
rieur du catheter k capsule (12) et en prise avec le 
greffon (121) grace k quoi, sous I'effetd'un mouve- 
ment relat'rf entre le moyen de tige de pouss6e (96) 
et le catheter k capsule (12). le greffon (121) peut ss 
§tre fbrc6 en dehors de la capsule (36). caract6ris6 
en ce que la capsule (36) de configuration g6n6ra- 
lement cylindrique est constitute par un ruban 
mttallique (39) enroult en htlice, et avec des 



3. Systtme selon la revendication 2. dans lequel le 
catheter k ballon (61) comprend un tube mttallique 
rigide (69) traversant le ballon (64) et oommuniquant 
avec I'ouverture de gonflage de ballon (63). 

4. Systtme selon la revendication 3. dans lequel ledit 
moyen de tige de pousste (96) comprend un cdble 
mttallique (98) passant par ledit tube mdtallique 
rigide (69). 

5. Syst^e selon la revendication 4. dans lequel ledit 
catheter k ballon (61) comprend un bouchon (78) 
distal du ballon (64) susceptible de venir en prise 
avec ledit cable (98). 

6. Syst^e selon la revendication 2. associ6 k un bou- 
ton poussoir (66) mont6 sur r6l6ment flexible 
allonge (62) du cath^er k ballon (61) et venant en 
prise avec le greffbn (121). 

7. Syst^me selon la revendication 6. dans lequel le 
moyen de tige poussoir (96) vient en prise avec le 
bouton poussoir (66). 

8. Syst^e selon la revendication 6. dans lequel ledit 
bouton poussoir (66) est mont6 en position fixe sur 
r6l6ment flexible allong6 (62) du catheter k ballon 
(61). 

9. Syst^e selon la revendication 6. dans lequel ledit 
bouton poussoir (66) est mont6 sur ledit §l6ment 
flexible allong6 (62) avec le cath6ter k ballon (61) de 
manitre k §tre mobile entre une premiere position 
6cart6e de Textrtmitt proximale du ballon (64) et 
une autre position adjacente k I'extrtmitd proximale 
du ballon (64). 

10. Greffbn vasculaire extensible intra-ouverture (121) 
destine k atre implanta dans un vaisseau sanguin 
comprenant un fitment tUxdaire daiormable (122) 
ayant des extrtmitas proximale et distale (123. 124) 
el une paroi (126) qui s'atend entre les extr6mitas 
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proximale et distale (123. 124). la paroi (126) 6tant 
constitute d'un mat6riau souple capable de recevoir 
une culture de tissu, (edit fitment tubulaire (122) 
ttarrt con9u pour prendre une premiere forme de 
dimension r^uite pour etre ins^6 dans les vais- 5 
seaux sanguins et une seconde forme dilatte : des 
moyens de ressort extensibles d6formables (131) 
fix6s aux extr6mit6s proximale et distale (123. 124) 
de rti^ent tubulaire (122), lesdits moyens de res- 
sort d6formables (131) ayant sensiblement la forme w 
de parties de ressort en V (132) avec des sommets 
(133) et des jambages (137. 138) partant des som- 
mets (133) pour sollidter ledit fitment tubulaire 
(1 22) de ladite premiere forme de dimension rtdulte 
^ ladite seconde forme dilat6e ; et des moyens de 75 
fixation (151) relics aux extrtmitte proximale et dis- 
tale (123. 124) de rtldment tubulaire (122) pourfixa- 
tion aux vaisseaux sanguins. caract§ris6 en ce que 
lesdits moyens de ressort (1 31 ) sont constituts par 
un ressort de torsion en spirale (1 36) d chaque som- 20 
met (133) sollicitant en deformation lesdits jamba- 
ges (137. 138) dans une direction qui ouvre les 
parties de ressort en forme de V (132). 

11. Greffon selon la revendication 10. dans leqiiel les- 25 
dits moyens de fixation (151) sont relics auxdits 
moyens k ressort (131). 

1 2. Qreffon selon la revendicatfon 1 0 ou 1 1 . dans lequel 

les nfx)yensde fixation (151)prennentraspectd*6l6- so 
ments en forme de crochet. 

13. Greffon selon la revendication 12. dans lequel les 
cements en forme de crochet (151) sont relite aux 
nx)yens de ressort (1 31) au voisinage des sommets 3s 
(133) des V (132). 

14. Greffon selon la revendication 13. dans lequel les 
sommets (133) des V (132) sont srtu6s dans un pre- 
mier et un second plans (1 41 . 1 42) espac6s dans la 40 
direction long'rtudinale de Taxe longitudinal du gref- 
fon (121). 

15. Greffon selon la revendication 14. dans lequel les 
sommets (1 33) situ6s dans le premier et le second 4S 
plans (1 41 , 1 42) sort espac6s au-delA de rextr6mit6 

de I'tltment tubulaire (122) et dans lequel les Ele- 
ments en forme de aochet (151) sont mont6s sur 
les V (132) au voisinage des sommets (133) sftu6s 
dans les premier et second plans (141 . 142). so 

16. Greffon selon la revendication 15, dans lequel les 
sommets (133) situEs dans les premier et second 
plans (141. 142) sont dtcal^s sur la circonf^rence 
par rapport aux sommets (133) situ6s dans I'autre ss 
desdits premier et second plans (141, 142). 

17. Greffon selon la revendication 16. dans lequel trois 
sommets au moins (133) sont pr6vus dans le pre- 



mier plan (141) etau moins trois sommets (133) sont 
pr6vus dans le second plan (142). 

18. Greffon selon i'une quelconque des revendications 
10^17. assode k des moyens de manqueurs radio- 
opaques (156) fix6s sur la paroi (126) de r6!6m€rt 
tubulaire (122). lesdits moyens de marqueur (156) 
etant constituds par un premier et un second mar- 
queurs radio-opaques alignts et espacEs dans la 
Erection long'rtudinale de reiement tubulaire (122) 
pour permettre de s*assurer qu'aucune torsion de 
r6l6ment tubulaire (122) ne s'est produite. 

1 9. Greffon selon la revendication 1 8. dans lequel le pre- 
mier et le second marqueurs (1 56) sont places adja- 
cents aux sommets (133) des moyens de ressort 
dtformables (131). 

20. Greffon selon Tune quelconque des revendications 
10 d 19. dans lequel les moyens de fixatfon (151) 
comprennentdes elements en forme de crochet, les 
elements en fomie de crochet partant de reiement 
tubulaire (122) vers Texterieur et les elements en 
forme de crochet des extremttes proximale et distale 
(1 23. 1 24) etant orientes face k face. 

21. Greffon selon la revendication 20, dans lequel tes 
elements (151) en forme de crochet de I'exlremite 
proximale (1 23) sont orientes par rapport k Taxe lon- 
gitijdinal sous un angle compris entre 55 et 80"* dans 
une direction allant vers I'extremite distale (124) du 
gr^n (51 ) et dans lequel les elements en forme de 
crochet (151) de I'extremite distale (124) s'etendent 
vers I'exterieur par rapport k la verticale dans une 
direction comprise entre 30** et 90* vers rexlr6mlte 
proximale (123) du greffon (121). 
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